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Sir W. DENISON said, he had nothing  to add to the Paper, further 
than to state  that  he  had  brought it forward in  the hope of eliciting 
such remarks, both  on the principles and details of the Canal, as 
might  either justify the opinions he had formed, or lead him to 
acknowledge he was in error, if he felt he was so. 

Mr. ABERNETHY thought it necessary,  before giving an account 
of his visit to the Canal, and of the present state of the works, 
to point out a few particulars which had not been touched upon 
in  the Paper, and  might be interesting  to the Meeting. 

At a remote period-stated to be six hundred years before the 
Christian era-a fresh-water canal, distinct  traces of' which were still 
to be found, was completed by Darius Hystaspes. It commenced 
near Suez, and could be traced as  far as the  Bitter Lakes, and from 
them to Lake Timsah, near which it was joined by a canal from 
the Pelusiac branch of the Nile. From  Lake Timsah there were 
also traces of a canal leading towards Lake Ballah, and no doubt 
it communicated by  Lake Menzaleh with the Mediterranean. From 
all appearances the  Bitter Lakes at  one time formed part of the 
Red Sea,  while, on the other side, the Mediterranean probably ex- 
tended to the  high ground  near  El-Ferdane, so that  the distance 
between the two seas was at one period about 90 kilombtres, as 
against 160 kilomktres at  present. 

As to the  state of the works last February  (Flate 131, commencing 
at  Suez, a dredging machine was at work on the site of t.he proposed 
entrance basin ; and, for a length of 8 kilometres or 9 kilom&t'res 
towar& the  Bitter Lakes, the Canal was excavated to  its full 
width for a depth of 2 mbtres, the material being hard gravel on 
the surface, with beds of sand and clay beneath. The fresh-mater 
canal was finished, and on a short branch from it  at Chalouf, dredg- 
ing machines were about  to be  used in excavating the marine canal. 
At SerapBum,  by means of another branch, canal water had been 
admitted into a depression of the desert, and  an artificial lake had 
thus been formed in which several dredging machines were at work 
forming the bed  of the marine canal. From Ismailia  to Port Said, 
a distance of 40 miles, the Canal was  excavated, for a portion of its 
width, to a depth of 8 feet or 9 feet, and  the water of the Medi- 
terranean filled the bed of Lake Timsah. Here,  and throughout 
the  length of the Canal to  Port Said, an extensive dredging plant 
was at -work. 

A good deal had been said about the alteration of the slope of 
the Canal, to which attention appeared to have been directed by the 
French  Engineers after Mr. Hawkshaw hail made his  report. At 
the end of last  year it was finally determined to widen out  the 
surface of the Canal from 188 feet to 328 feet, the bottom being 
72 feet wide, the slope of the bank 26 to 1 ; then a ' berm ' of 50 feet, 
and slopes of 3 to 1 and 5 to l, SO as to form a flat beach on which 
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the wave from the passing vessels  would expend itself without 
injury  to  the banks (Plate 14). The.  part of the Canal through 
Lake  Nenzaleh was through alluvial deposit similar to  that of the 
Valley of the Nile. At  Port Sai'd the western breakwater had been 
extended 1,550 mktres by means of bbton or  mortar blocks, formed 
in  the manner described in  the  Paper.  The effect so far  had been 
to advance the foreshore about 800 feet on its western side. The 
channel varied in  depth from 16 feet to 13 feet. From forty to 
fifty vessels were lying  in  the port, including a steamer of about 
1,000 tons. 

The impression he had formed, with  regard  to the Canal generally, 
coincided with -what Mr. Hawkshaw  had  stated in his  report, that 
in its execution there were no engineering difficulties ; but  that it 
was simply a question of time and money. He  did not agree  with 
the  Author of the  Paper  that  the maintenance would  be a very 
serious matter.  There were two or three points, however, which 
deserved attention :-The first was as to  the effect at  Port Sai'd of 
the jetties in  arresting  the sand brought from the westward, 
how far the foreshore would eventually be advanced, and whether 
it would lead to  the formation of a bar or sand-bank at  the 
entrance. The second point was as to the effect which would be 
produced by  the admission of a large body of salt water into  the 
Bitter Lakes, which were at  least 25 miles long  and 5 miles wide- 
shallow-without any current-and exposed to the action of the 
fierce sun of Egypt.  The  third point was the maintenance of the 
banks of the Canal against  the wave  caused by the passage of 
vessels. 

With regard  to the  dredging operations in  Lake Menzaleh, 
there were, at  the time of his visit, about  sixteen machines, capable 
of lifting from 1,000 cubic metres to 1,500 cubic metres  per day, 
working  generally in  the  centre of the  cutting.  The mode of  de- 
positing the material dredged out was by means of long spouts 
supported by a supplemental  barge between the machine and bank, 
some of the spouts  being 200 feet in  length.  Pumps were pro- 
vided to  throw water into  the spouts, so as to liquify the material 
sufficiently to cause it to  run  to  the canal bank. He observed that 
the water  drained off the material very rapidly, and  that a solid bank 
was formed, more so than by the ordinary mode of depositing spoil. 
H e  did not  agree with the  Author of the  Paper,  that manual  labour 
in  that country was cheaper than dredging by machinery. His own 
impression was, that  in such a country  as Egypt dredging was the 
cheapest form of labour that could be employed in a work like this. 
He  believed that dredging was  forced upon the Engineers, in conse- 
quence of the cessation of forced manual labour, and  he  thought it 
would have been well if that cessation had occurred at  an earlier 
period. The heaviest and most expensive portion of the dredginq 
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yet remained to be  done, as in most parts only the  'top lift ' had 
been removed to the extent of about  one-third of the whole amount 
of excavation. 

The concrete blocks of the breakwater were deposited in a given 
line without order, so as to form an artificial reef. 

Sir W. DENISON remarked, that  the officials  were chary of giving 
information on the subject of cost;  but  the  Engineer told him 
the time for completing the works mould  be three years from 
the middle of 1866. He confessed he was  disposed to think it 
would be six years. With regard  to the embankments, there 
were none, except just  through those lakes which were on a level 
with  the sea, and they only required to be  of a height sufficient 
to carry the water pipes. There were no embankments of any 
great  height. 

Mr. HAWKSHAW said, such information as he  might be able to 
afford applied to a date anterior  to that of Mr. Abernethy's visit to 
these works. All he could speak to was as to the character of the 
works which required  to be executed. He could only repeat, what 
he had already said in his report,  after a careful investigation, 
that  there was no difficulty in  the works. Though large, they 
were of the plainest kind ; for he did not know that  there was a 
single work of art from one end of the Canal to  the other,  with the 
exception of the sea-jetties. There was no bridge, no lock, no sluice: 
nothing, in fact, to execute but  the sea-jetties and a large excava- 
tion, which had  to be done about half in  the ordinary way of dry 
excavation, and the  other half by dredging. The cost  would  neces- 
sarily be  affected, and to a most serious extent, by  the  length of 
time which might be spent in completing the Canal. In  1862, 
when he was in  Egypt,  the  French Engineers considered that, with 
thirty thousand men, they could complete the Canal in  three years. 
He was at  that time informed by the Viceroy, that it would be im- 
possible for him to  furnish so many, and  that  he could not find 
more than twenty thousand men. That of itself would have extended 
the time for the completion of the Canal to  about five years;  but 
he  had reason to know that so far from even twenty thoumnd men 
having been supplied, the number had been comparatively few, and 
consequently much time had been lost ; and in a work like this, where 
interest was paid out of capital, if the work lasted long enough, it 
might be made to cost any sum. The want of men might  to some 
extent be supplemented by the introduction of dredging machines, 
which he was informed was the case. It would  be impossible 
to execute the  dry excavation by dredging ; but where the work 
admitted, the excavation might be accelerated by multiplying 
the number of dredging machines. He  thought  the question 
of maintenance would not prove a serious one, always assum- 
ing  the Canal t'o be finished in a workmanlike manner, and 
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he  had no reason to believe the  French  Engineers would do other- 
wise. The opinion he gave in  his report  on the cost of maintenance 
was based upon the assumption, that  the slopes  would  be made flat 
enough, and  that  the ‘berm,’ which was to be  widened, but which 
could not be very wide,  would  be protected by stone, and  the whole 
of the works completed in a proper manner. If that were done, 
he believed the  sum  put down for the maintenance of the Canal 
would be sufficient. The cross section which Mr. Abernethy had 
referred  to as being now carried out did not quite meet with  his 
approval. The slope, he  thought, having  regard t’o the  kind of 
material excavated, should be 3 to 1. It appeared to be 2& to 1. 
H e  also thought it would be necessary to cover the  ‘berm’ with 
stone. H e  noticed that  the bottom width had been made narrower 
between the Red Sea and  the  Bitter Lakes, which, if adopted, 
would be a smaller section than  the one alluded to in  his report. 

There were one or two important questions for consideration with 
regard to the drift of sand. Between the Red Sea and the  Bitter 
Lakes  there would  be no drifting of sand of any moment, as the sand 
was generally compact, and  much mixed with  gravel. Nor would 
there be any between the  Bitter Lakes and  Lake Timsah, except 
for 8 or 9 miles near Serapkum ; but between Lakes Timsah 
and Ballah,  principally at El-Guisr, there would be  drifting. For 
a distance of about 10 miles in La,ke Menzaleh there could  be no drift 
sand, so that  there were only two places, together amounting  to  about 
19 miles, where it would  occur. He had had  to do with drifting 
sands  in Russia and  other places, and by proper precaution it 
could to a certain extent be checked ; and  he believed the  drifting 
in these two places would be comparatively small in  quantity. 
H e  did not see why the maintenance of those portions of the 
Canal  should cost more than was the case in canals in Hol- 
land, in this country, and elsewhere. The only other place 
where apprehensions of difficulty had been entertained was at  the 
entrance of the Mediterranean. It was said the harbour would silt 
up.  He  had no  doubt in course of time it would, to some extent, 
as all harbours did more or less ; but it would require a long period 
of time. The breakwater would be 3,000 metres in  length  at least, 
and  the  growth of that portion of the coast, though it might be  what 
geologists would call rapid, in  an engineering point of  view would 
be exceedingly slow, and need not occasion any anxiety ; the  har- 
bour might be maintained  with occasional dredging. If it should 
become necessary at  a remote period of time, the piers could be 
lengthened. There was another point : it was said that  the  Bitter 
Lakes would in course of time fill with  salt.  These lakes were 
dry  at  the time he visited them. He passed along the bottom 
of the whole of them.  How  long they  had  taken  to  dry  up  he 
could not my ; but  the result was the residuum of salt which 
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remained, and which represented the whole qumtity  that had been 
derived from evaporation for possibly hundreds of years, was just 
6 inches thick. He had .dealt with the question of salt from 
evaporation thus:  he had assumed an evaporation from the  Bitter 
Lakes of about 10 feet of water per  annum,  and from the  quantity 
of salt contained in sea-water, he came to the conclusion that if the 
whole of those 10 feet of water were evaporated and the salt precipi- 
tated, it would produce a stratum about 24 inches thick. But 
before sea-mater would deposit salt at  all, it would require  to be 
reduced by evaporation to one-tenth of its  bulk;  but  this could 
not take place in  the Lakes, where water daily flowed into  them at 
each end. It could only be  effected by  shutting  out  the water, 
which would flow into these lakes with great rapidity. There was 
another question which had been raised: it was said by some 
that  the Canal would  become a stagnant ditch, while others  held 
that  the  current  through  the Canal would be such as to tear away 
the sides. He had investigated this question, and  he estimated that 
between the Red Sea and  the  Bitter Lakes there  might be a current 
of about 3 feet per second, and between the  latter and the Medi- 
terranean a current of about 6 inches per second. With such a 
current it would be necessary, unless the material proved to be hard, 
for the sides to be pitched between the Red Sea and  the  Bitter 
Lakes, and that was one of the items of expense mentioned in  his 
report. I n  coming to a conclusion as to the cost of maintenance, 
he assumed that  all those things necessary to complete the work 
would be carried out ; otherwise his valuation would not apply. He 
had only to answer the question whether the construction of the 
Canal was practicable. He had  nothing to do with the question 
whether, when made, it would  be commercially valuable. That 
was a matter for those individuals who had embarked their money 
in it. He had not knowledge enough of the cost of work in a 
country like that to say precisely what the Canal would cost;  but 
the general conclusion arrived at  in  his report of 1863 was-taking 
the estimates of the  French Engineers,  and  adding to them  what 
appeared to  him essential to  render the Canal available and  durable 
-that the cost  would amount  to  about ~5!,000,000 more than  had 
been estimated, if the work were completed within the five years. 
What  had been already paid for interest he did not know, though 
it must amount  to a large  annual sum. 

He was connected as Engineer with a ship-canal in Holland, which, 
in capacity, was as  large as the Suez Canal, but  the works themselves 
were more varied, involving locks, sluices, pumping-machines, &c. It 
ran from Amsterdam to  the  North Sea, and entered the  seaonaflat 
shore, and extended, for a large portion of its course, through shallow 
lakes of about the same depth as Lake Menealeh ; but  he  thought 
the dredging was managed in a cheaper way than  in  Egypt. 
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I n  Holland the plan of operation was this:  the  dredging machine 
lifted the material, which consisted of clay and silt, into a vertical 
cylinder attached  to  the machine at  such a height as to receive the 
material from the buckets as they revolved. At  the bottom of 
the cylinder was a Woodford's pump, which acted somewhat similar 
to a pug-mill. The pump, revolving, forced the material out of the 
bottom of the cylinder through a floating tube, made of  wood in 
lengths of about 15 feet, each length being  attached to its neigh- 
bour by a flexible junction of leather with a spiral wire inside, and 
the end of the  tube was carried over the canal bank, and was managed 
with as much ease as the hose-pipe of a fire-engine. In  that way 
the material was deposited where required in a much cheaper, and 
he  thought  in a better way than  by  the dredging machine used in 
Egypt. It was  seldom that water had  to be supplied to  the ma- 
terial, inasmuch as the buckets generally came up with a quantity 
sufficient to keep it in a liquid  state, so as to allow of its passing 
along and  out of the end of the tube. Water could be admitted 
into  the  pump  or cylinder, so that  the necessary degree of fluidity 
could be given to  the material to drive it along the tube. 

Mr. MURRAY wished to know what was the cost of dredging on 
the system just described. I n  the Suez Canal the cost was stated 
to be 1 franc  per cubic mhtre. 

Mr. HAWKSHAW said that was the Contractor's, rather  than  the 
Engineer's  business; but  he should say the cost  was not more 
than one-third of what was stated  in  the case of the Suez Canal. 
The rise of tide in the Red Sea was about 3 feet 6 inches on an 
average ; but on  extraordinary occasions, with peculiar m~nds  and 
equinoctial tides, it reached 5 feet. In  the Mediterranean, though 
it was regarded as a tideless sea, there was a tide at  Port Said of 
between 8 inches and 9 inches, and on  extraordinary occasions of 
2 feet above the mean level of the sea. The relative levels of the 
Mediterranean Sea and of the Red Sea were the same. The  current 
mould not be created by the difference of level, but mainly by  the 
rise and  fall of the seas at each end, and  partly  by  the evaporation 
which would take place from the surface of the  Bitter Lakes. 

Mr. ABERNETHY stated, in reply to questions, that  he was not 
able  to  say what proportion of the expenditure up to the present  time 
was due  to  the execution of the 20,C00,000 cubic metres of excava- 
tion completed, leaving 40,000,000 cnbic metres yet to be  removed. 
The expenditure  on the  latter was estimated by the Engineers  to be 
about 6;4,000,000 sterling. 

Mr. ROBERT R.AWLIRSON, C.B., said any observations he could 
offer upon a mlork which he  had not seen would not be of much 
value;  but from past experience and from a practical knowledge of 
what  ground ~vould do under similar conditious, he had come to the 
conclusion that  the cost of mainterlance on t'lle Suez Calml, when 
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completed,  would be a very serious item. I n  railway cuttings in 
this country, slopes of 2 to 1 had remained apparently solid, when 
only subjected to the ordinary action of the atmosphere, and yet, 
after  standing  ten years or fifteen years, great masses of earth 
slipped and came  down suddenly; and he  thought  that  the cost 
of maintenance on this Canal through  the sandy  district of its 
course would be a most serious item, especially with slopes of only 
2$ to 1. Where  the bottom of the Canal was sand, there would  be 
a continual tendency of the bottom to rise, as well as of the sides to 
slip;  that action went on in many river-courses. If a river-course 
had not upland  water coming in  to keep it open by scour it would 
soon silt up ; and in  all level alluvial valleys there was a tendency 
in  the channels to alter  their courses by  the sides slipping in  and 
the bottom silting up. He  therefore considered this Canal, in  the 
portion through  the sand, would necessitate a considerable sum for 
maintenance. The Clyde and the  Tyne had been vastly improved 
by dredging, but  that operation had  to be continued, and was 
kept up because the trade of the ports could afford to  pay for it ; 
but if that were not done, those rivers would revert  again to  their 
former state. With regard  to the pitching of the sides of the 
Canal, Mr. Hawkshaw mentioned rubble ; but one need not  suggest 
to  French  Engineers  the use of concrete, as they  had sand in 
abundance, and a large proportion of the pitching or facing might 
be done in concrete much cheaper than  in rubble. Some engi- 
neering works in  Great  Britain, recently completed, had not proved 
commercial successes. It had become fashionable to talk, when vast 
projects were under consideration, of discarding the aTord ‘ impos- 
sible :’ it would,  however,  be more in accordance with common 
seme  to use the commercial Ford ‘profitable.’ 

Mr. LAEGE said, as the representative of the Suez Canal Company 
in  this country, he had listened with deep interest  and attention  to 
Sir William Denison’s Paper,  and the subsequent discussion upon 
it. He did not come to the Meeting with the view  of taking 
part  in  the present controversy : having, however, been called upon 
by the President  to address the Institution, he would  confine him- 
self to a few observations with  regard  to the actual position of the 
works. 

He  would premise his observations by expressing some regret 
that Mr. Hawkshaw, whom he had the pleasure of accompanying 
during  the official inspection of the Suez Canal works, for the former 
Viceroy of Egypt, did not suggest the more  economical method 
employed in important canal works in Holland, assuming he was 
acquainted at  the time with the plan now adopted on the  Dutch 
Canal. The suggestion might have enabled some  ecouomy to be 
elrected in  the expense of the long shoots attached  to the dredging 
machines, which had been found necessary to deposit the silt at  
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great distances apart on the banks of the  Egyptian Canal. The 
applicability of Mr. Hawkshaw’s system, however, to the Suez 
Canal, would greatly depend upon the elevation that could be given 
to it. Certain it was that  the sections of the Suez Canal were 
very different from those met with  along the one projected in 
Holland, where no elevations existed such as were found between 
Port Said and Suez. 

He  could not agree with all  that  had been said by Mr. Aber- 
nethy ; at  the same time he admitted the difficulty he must have 
experienced in  gathering detailed and reliable information during a 
somewhat hasty survey. Notwithstanding Mr.  Abernethy’s  state- 
ment as to  the number of dredging machines actually employed 
along the  line of the Canal,  was made in perfect good faith, he 
must beg to observe that  the number was not so great as he sup- 
posed. 

Although not strictly a professional Engineer, it was impossible, 
after being connected with the Suez Canal from its origin, which 
was now ten years ago, to remain unacquainted  with the engineer- 
ing bearings of the question. While  he was familiar with the views 
and opinions of every Engineer of note who had  written  or spoken 
on the subject, he had at  all times refrained from putting forward 
any engineering opinion of his own, but pinned his  faith  to  the best 
evidence he could obtain. 

Having  stated this, he mould  confine his observations to the 
actual  state of the works, and he  thought it would  be of interest to 
the  Institution  to know how much work had actually been done, 
and what still remained ; also by what means those results had been 
attained, and  at  what expense. 

The  entire  quantity of material to be excavated was 70,000,000 
cubic metres;  but  up  to  the present  time 23,000,000 cubic mktres 
only  had been raised. This  might appear a small proportion, com- 
paratively speaking, with  what ought to have been  done, considering 
that one half of the original  capital (~8,000,000) had been expended 
to  obtain this  result; and, by parity of reasoning, the remaining 
&4,000,000 might be supposed insufficient to excavate 47,000,000 
cubic mktres, and complete the works. He would endeavour to 
account for this apparent disproportion. 

Previous to  entering on a work of such  magnitude as the Suez 
Canal, it was necessary to prepare dwellings, storehouses, forges, 
workshops, a lighthouse, and piers, in what was then  the most  deso- 
late spot that could well be imagined, shut  out as it was from all 
approach, except by the most tedious and expensive modes of transit. 
There were, besides natural obstacles, others of an extraneous cha- 
racter, which, being of a political nature, it would be out of place to 
mention at a meeting of Engineers ; but  the most serious delay 
mas experienced, and much time was lost, in effecting the  entire 
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t,ransformation from one system to  another, imposed upon the  Canal 
Company in consequence of the withdrawal of native labour, and 
the substitution of mechanical appliances and European skilled 
labour. Men had to be recruited from different parts of Europe, 
and it was very difficult at  first to procure them, owing to  their 
objection to  labour in  the  heat of the climate of Egypt. All this 
was harassing in  the extreme, and took time  to accomplish. Then, 
again, the new system of larger dredging machines necessitated 
also the widening of the accessory canals for their conveyance; 
moreover, additional dwellings had  to be provided for the  En- 
gineers, and from small encampments large towns had gradually 
sprung  up along the banks of the Canal, suitable to accommodate 
t#he additional influx of European labourers. 

During  all these new preparations, comparatively little  digging 
could be done ; and hence arose the fact, that compared with the 
outlay of money, the disproportion was  so great between the  quan- 
tity actually excavated and  what still remained to be  done. These 
obstacles had been entirely overcome, and the Company was  now 
in a most satisfactory position. 

According to the last  reports from Egypt,  the  quantity of mate- 
rial excavated in  the month of February  in  the divisions of El- 
Guisr, Suez, and Port Sad,  amounted to 816,074 cubic metres ; 
in  the division of Ismailia, 142,988 cubic metres ; together,  959,062 
cubic metres, being  24,000 cubic metres in excess of what was 
raised in  the previous month ; and  in  the  month of March it was 
expected that about 1,000,000 cubic metres would be excavated. 

Now, although  this was a  very  fair return for one month,  larger, 
he believed, than  any  hitherto achieved by similar means, in  the 
annals of engineering history, it might be  of interest  to the  Insti- 
tution to know how many  dredging machines had  actually been 
employed to  obtain it. There were forty dredging machines on the 
spot, but of these  only thirhy-one were in working order. Thus, 
with  thirty-one  dredging machines and seven thousand labourers, 
nearly 1,000,000 cubic metres per month were excavated, and this 
quantity would go on increasing in proportion as the machines 
could  be got in readiness. Many were now on their way to 
Egypt, and it was fully  anticipated that no less than seventy 
dredging machines would  be ranged  along the line of the Canal 
before the ensuing autumn. 

The members of the  Institution would  now  be able  to judge 
whether the Canal Company were justified in anticipating  a return 
of 1,500,000 cubic metres per  month, which, if accomplished, would 
finish the work in less than  thirty-three months. As he had  already 
stated, there remained about  47,000,000 cubic metres  to excavate, 
and at  the ratio mentioned, 49,500,000 cubic metres could be exca- 
vated in thirty-three months, or 2,500,000 cubic metres in excess 
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of what now remained to be  done. This was taking a twelve hours' 
day, without relays at  night, which might be had recourse to if 
necessary. 

Contracts had been entered into with well-known and resnonsible 
Contractors, which induced the Company to believe that  the  iriginal 
capital would not  be exceeded. At  the same time it must not  be 
overlooked, that  in consideration of the withdrawal of native labour, 
the retrocession of large  grants of land, and  the abandonment 
of other privileges attached  to the Act of Concession, the Suez 
Canal Company were to be indemnified by  the Viceroy of Egypt  to 
the amount of ~€3,800,000; and  he  thought  that with that addition 
to  the original capital, the Company were justified in  the belief, that 
it would go far  to meet any unforeseen contingencies, and warranted 
the expectation that  this gigantic work, which at one time was 
regarded  as a visionary scheme, might be brought  to a successful 
termination in  thirty  months from the present time. 

Mr. W. A. BROOES considered that  the real difficulty of the case 
consisted in  the sand that would  be brought  in from the vast area 
of the Nile Valley. Whatever  might be the difficulty of main- 
taining  the banks, it would be as nothing to that of keeping the 
Canal clear of sand deposits, whether  brought in  by  northerly  and 
north-westerly gales raising the level of the Mediterranean, or by 
similar effects produced by  the tides of the Bed Sea, aided by 
southerly gales gorging  the  cut  at  the  other  end1  If physical dif- 
ficulties were apprehended in keeping open a communication at  a 
time when it was supposed that  there was a difference of level between 
the two seas of 30 feet, how much more would those difficulties 
be increased now that it was ascertained that  the difference of level 
in  spring tides was only about 5 feet 6 inches ? The difference  was 
so slight,  that for only a short distance would the  current be able to 
run towards the  Bitter Lakes. He doubted whether it would  be 
able  to keep those lakes full  by  the system which had been adopted. 
He questioned whether  any  Engineers .who had considered this sub- 
ject, from the time of Napoleon's expedition into  Egypt, when it 
was first suggested  to make a ship-canal, down to the present, had 
been fully aware of the  great physical ihfficulties to be encoun- 
tered. The  late Mr. Rendel, and  the  French  Engineer, M. Talabot, 
recommended a ship-canal, to be supplied from the waters of the 
Nile, the communication between the Red Sea and Mediterranean 
Sea  being partly  through  the channel of the Nile. There would 
be no difficulty in  thus filling and  maintaining a canal from above 
the barrage of the Nile, which was at  some 20 mktres' elevation 

Grougllt through those influences; viz., the currents of' the two seas added to the 
I h plain of 3,600 square rnilcs bore test;t:mony to the extent of the depobit 

littoral current from west to east, clmrged with t h e  alluvium of the Nile.-W. A.  I). 
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above the mean level of the Mediterranean. By that arrangement 
it would  be  possible to store the fresh water, and  bring it into  the 
Canal throughout  its whole length,  and  thus supply the power of 
irrigating vast adjacent tracts of land, as well as of accommodating 
the navigation. There was reason to believe that  in pre-historic 
times, a natural channel connected the Mediterranean Sea with the 
Red Sea, which could have been separated by a course of only a few 
miles, as appeared from the geological features of the country, and 
the proofs  afforded  by the borings which had been taken. He was 
surprised  to hear  that such a small extent of recent deposit had 
been produced by the western currents from the Nile, after  hearing 
Mr.  Abernethy's  statement, that  the  jetty had been carried out 
to the  extent of 1,500 mbtres, or 1,625 yards. Mr. Brooks 
had found in  the  Library of the  Institution a work on Littoral 
Currents by Commander Alexander Cialdi,' which gave an account 
of the progress of the  Port Said jetty. I n  this it was stated, 
that  the  Engineer  Iiramer reported in  July,  1865,  that there 
existed only a small portion of the western dyke, of a leneth of 
400 mktres ; and  that along the whole exterior of this sectlon of 
the western pier there had formed a bank of sand which extended 
at  the back of the pier for its entire  length, while its base, resting 
on the shore, stretched  to the westward for a length of 1,700 
mbtres. Comnlander Cialdi also stated that a previous writer  on 
this subject, M. Guglielmotti,  entered in his  journal,  under the 
dates of 15th to 19th of February,  1864,  that,  at  that time the 
western jetty consisted only of open piling,  extending into  the sea 
for a length of 364.50 metres ; and that about 20 tons of rubble 
had been deposited at  the end of the work for its protection ; that 
the wind  was almost always from the west, and  that  the water ' 

which passed  before him from the left to the  right was always 
troubled, and of a yellow colour. On this Commander Cialdi 
observed, that only seventeen months  had elapsed during which 
this great accumulation of sand had taken place. He also stated 
that  an isolated deposit of  blocks  of beton had been formed, at 
a distance of 1,500 mktres from the shore, of B0 mktres in  length, 
but on which, at present, there was no accumulation of sand ; but 
that it was certain, when this portion was connected with the  part 
constructed from the shore, the accumulation of sand would t'ake 
place. Mr. Brooks wished to be informed how much of this  gap of 
about 1,076 metres in  length had been  filled up since the record of 
the  state of the pier by the  Engineer  Kramer  in  July  1865? 
Knowing the  length of period vhich  the construction of such works 
necessarily occupied, it appeared to  him extraordinary that even a 
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fourth of that  gap could have been since completed to  the  full 
height of the intended pier. 

Mr. ABERNETHY remarked, that a length of 1,500  metres was 
executed in blocks of bAton, but he could not give particulars of 
the number of tons deposited. 

Mr. BROOKS could not conceive  how it was, that  the causes which 
produced a silting  up  to  the  full  extent of the 400 metres should 
have ceased altogether on the  farther extension of the pier works 
to 1,500 mktres. He would ask what changes  t’here had been in 
the bed of the sea, between the old high-water  line  and a distance of . 
1,500 metres from the shore, and  whether these  original sound- 
ings could have remained the same, notwithstanding that enormous 
protrusion of the pier ? Looking at  the admitted result of deposit 
of sand to  the  full  extent of the first formed length of 400 mktres, 
he  should have thought a similar accretion must have ensued from 
the extension to  the  greater distance of 1,500 metres. With 
regard  to  the borings taken  in  the  line of the Suez Canal, those 
made in  the neighbourhood of the  cutting  through  Lake Men- 
zaleh showed a depth of 44 feet 10 inches of Nile  mud  and  sand 
below the mean level of the Mediterranean Sea ; or of material, in 
fact, as bad for .the foundation of the piers and wharves of Port 
Sa’id as it would  be found to be costly in  the formation of the 
Canal, on account of the  long slopes which the banks would 
require  where the  cutting was through such soft material. Mr. 
Havkshaw reported on the Suez Canal,‘ that- 

“ The  tidal action at  Suez, consisting of an  alternate elevation and 
depression of the  water  with reference to the mean level of the sea, would 
lead to  an oscillating current  into and out of the canal, which would alter- 
nately  raise and lower its level as far as the influence of the  tide extended, 
which for all practical purposes  may be assumed to  be  as far  as the 
Bitter  Lakes only. This would produce not only an inward current,  but 
also an  alternating  outward  current of nearly the  same velocity as the 
former. l h e  same  action from the like cause, though  in a much  smaller 
degree, will obtain at   the Mediterranean  end of the canal. It is probable 
that  the action of these  alternating  currents will be to  carry  out  as  much 
sedimentary  matter as they  bring in.” 

He  entirely differed from Mr. Hawkshaw as  to  the result 
which would h k e  place as to  the  return  to sea of the sand 
brought  into  the Canal by  the flood tide. Assuming that  the  Bitter 
Lakes would only attain  the level of half tides in  the Red Sea, 
in  the one case there would  be at  the  mouth of the Canal the rise 
of spring tides in  the Red Sea, and at  the  other end, or at the 
Bitter Lakes, there would be no lift of tide at  all. The  result 
would be to  bring sand into  the channel of the Canal, with a 

1863. 
1 Vide ‘‘ SUCZ Canal.-Report  to the Bgyptian  Government,” p. 19. London, 
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diminution of power to  carry  it back again ; and  that would cause 
the Suez  Canal  to be for nearly  the whole of its course, that which 
the  late Mr. Robert  Stephenson had very  aptly called it, “ a  stagnant 
ditch.”  There  appeared to be a small difference in  the mean  levels 
of the two seas, as deduced from the  tidal observations which had 
been  made ; the mean level of the Mediterranean  being 2 feet 
3 inches lower than  that of the Red Sea, and  there was nothing  to 
authorise the supposition that there would  be a return  current  into 
the Mediterranean. In 1860  he wrote a  Paper on the subject 
of the Suez ship-canal,’ and  the whole of the details of the levels 
of the two Seas, as affected  by the tides  and wind, mere given in 
the Appendix  to that  Paper.  With  regard  to  the amount of the 
deposit of marine  salt  in  the  Bitter  Lakes, it had been stated  that 
it did  not exceed a  depth of 6  inches in thickness ; whereas the 
borings showed that below the bed  of the smaller Bitter  Lake  there 
was found a bed  of 6 feet of marine  salt,  and in  the  greater  Lake 
13 feet, neither of those  borings  having, however, penetrated 
through  the bed  of marine  salt. 

He wished to  direct  attention  to  the  distinction between the  tidal 
phenomena in spacious channels,  like the Thames  and the Humber, 
and  those observed in  a  restricted  channel,  like  that which was pro- 
posed to be  made for the Suez Canal. Take,  for example, the  ar- 
tlficial cut or present  channel of the River  Yare  (Yarmouth) 
between the sea and  Lake  Breydon.  There was a  length of 
channel of only  about 3 miles between the sea and  the lake, 
yet for all  that  the level of Lake  Breydon at its north  end was 
3 feet below the level of spring  tide at sea ; showing that,  although 
Lake  Breydon was only  about 24 miles long, the tides were 
paralyzed by passing through its waters,  and by having to 
encounter the  restricted  channel between it  and  the sea. That 
the Yare navigation afforded a good illustration of the effects 
of a restricted  channel, as compared with  the proposed cut  from 
Suez  to the  Bitter Lakes, was proved  by the  tidal  range  in Yar- 
mouth Roads being  about the same as at Suez. There was another 
instance in  the Nene of the effect of a restricted  channel  pre- 
venting  the  stream  maintaining  the same high-water level as at 
sea ; but  at  the mouth of the Nene  there was a rise of tide of 23 feet, 
and  yet  there was a depression of the high-water  surface, owing to 
the  restricted channel, of as much as 13 feet  6 inches. The infer- 
ence from this was, that even had there  really existed a difference of 
level between the two seas of 30 feet, the  restrictions offered by 
a narrow artificial channel of 90 miles in  length would have been 
so great,  that, as in  the Nene, the  tidal wave  would have been 

_________ 

London, 1860. 
1 Vide “The Civil Engineer and Architect‘s Journal,” vol. xxiii., p. 169, et sq. 
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throttled.  Final success in maintaining a navigation could only be 
obtained by increased dimensions of the  cut connecting the two 
seas. I n  the Witham,  again, where the rise of tide was 23 feet, 
there was also an unusual depression ; and therefore, he said, there 
must be an absence of current, except within a few miles of t'he 
mouth of the  cut, to return to the sea any sand brought  into  the 
Suez  Canal by  the flood tide. Incessant  dredging upon a great 
scale would therefore be required  to  keep the channel open. With 
regard to  the section of the  cutting for the ship-canal, the bottom 
showed a breadth of only 70 feet. The vessels that would navigate 
the Canal might be taken at 40 feet beam, and paddle-wheel 
steamers would have 10 feet more on each side, thus making their 
entire breadth 60 feet. It would thus be quite impossible for two 
vessels to pass each other, as one must go  upon the bank, and 
would have to discharge part of its cargo to  get off again. The 
presence of the dredging machines would also cause an obstruction. 
With regard to  the slopes, he did not for a moment think  that  the 
cutting  in mud and sand-Nile mud-would stand  at even 24 to 1. 
It was more probable they would require  to be 4 or 6 to 1. 
He  thought  that t,he system of dredging, as carried out, was 
objectionable ; in  his opinion the spoil banks should be formed 
at  a considerable distance, instead of being so near the margin 
of the cut, as was shown by  the section of the works. Indeed, he 
felt certain that  the spoil would  find its way again into  the channel, 
and would have to be dredged afresh, He  would refer to the 
published opinions of the  late Mr. Robert Stephenson on the sub- 
ject of the Suez Canal, in reply  to a letter of M .  de Negrelli, one of 
the  International Committee of Engineers, who ventured  to censure 
Mr. Stephenson for the opinions he  had expressed on this  matter. 
M. de  Negrelli said in one part of his  letter :l- 

'' I do  not  share  the opinion of my honourable friend in England, that 
the canal without a current  must become a ditch where the mater will be 
perpetually stagnant." 

" The  great basins in  the  interior of the  isthmus will form a considerable 
surface of water,  and will maintain, as all interior lakes, a constant motion. 
The difference between the  tides  in  the two scas will co~nrnunicate  to  the 
citnal the agitation which they possess themselves. The canal can only be 

basins. If my honourable  friend will  look from the windows of the build- 
considered as  the  continuation of the two  seas whose waters  meet in  the 

ing  in which he has developed such singular  hydraulic knowledge, he mill 
see that  the reflux of the Thames, as far  as Windsor, is caused by 
the rising of the  tide  and  the  agitation communicated to  the river. 
Rotwithstanding  that %'indsor is many leagues from the sea, the influ- 
ence of the  tide on the  interior waters is regularly felt. In the same 
manner  the Mediterranean and the Red Sea will agitate  the Suez Canal. 

London, 1858. (Tract, ~ v o . ,  vol. 112.) 
1 Vide I' A Letter addressed to the Editor of the ' Austrian Gazette,' " page 5. 
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The waters will rise  aud  fall;  in one word, they will take  part  in all the 
movements of the sea. The canal, I repeat, is merely  an elongation of the 
two seas to  their  point of union in  the  Bitter Lakes, and  it will alwaj-s be 
fed by them.” 

Mr.  Robert  Stephenson  thus replied  to M. de  Negrelli‘s state- 

” If ’ my honourable friend’ will stand on the walls of the  city from 
which he  has developed ‘ snoh singular  hydraulic knowledge,’ he will see in 
the tideless stream below him nothing of the  character he  describes as 
occurring  in the Thames, which will probably account for his statements, 
which are indeed  as wide of the  mark as possible. Because t o  suppose, 
for a moment, that  there  is any analogy between the Suez Canal, 300 feet 
wide at   i ts  mouth,  in an  almost  tideless  sea,  and a river like the Thames, 
no less than G miles broad at   the  Nore, with a rise of tidal  water of‘ 
from  sixteen  feet to  twenty feet, is really, to  use  a hvourite  phrase of 
M. de Negrelli, merely to ‘ PRETEND ’ to a knowledge of hydraulics.” 

And if ‘my honourable friend’  is wrong in his analogy, he is equally 
unfortunate  in his special illustration. If, without a shadow of foundation, 
M. de Nagrelli questions my ever having been at  Suez, it  is  not without 
foundition  that l shall  question his ever having been at  Windsor. Or 
if ever, as his language appears to suggest, he has travelled up  the 
River Thames, past  the windows of the building in which I ‘developed 
anch singular hydraulic knowledge,’ to  visit  the Royal Castle a t  Windsor, 
from whence he saw ‘ the reflux of the Thames, the  rise of the  tide, 
and the agitation communicated by the river,’ he must forgive me for 
suggesting that  the vision must have been under circumstances most 
dazzling to  his clear perception. For, whilst it  is quite  trne, as M. de 
Negrele says, that ‘ Windsor  is many leagues from the sea,’ it  is equally 
certain that  ‘the influence of the  tide  there is’ NOT ‘regnlarly felt.,’ inas- 
much as i t   is  arrested by Teddington lock. Moreover, I must inform 

tide of the  Thames; and  that a t  no  period of the history of the river, 
M. de Negrelli, that Windsor is  twenty-six miles above the reach of the 

even before the construction of the locks, was the  tide known to reach 
within twenty-two miles of that town. In  the same  manner thereiore 
as the  tide agitates the  waters  at Windsor, M. de Negrelli pronounces 
that  ‘the Mediterranean and  the Red Sea will agitate  the Suez Canal.’ 
On this point, ‘l  do share  the opinion of my honoiwable friend in ’- 
Austria. 
“ But  on the  graver question that ‘ the waters of the Canal will rise and 

fall, that  they will take  part  in all the  movements of the sea,’ I ‘do  not 
share his opinions.’ Supposing that  there was an  action of the water to 
the  extent of two feet in  the Metliterranean, and of six  feet in the Red 
Sea, which is supposing an  extreme case, what effect would such  action 

the extensive  basin of the  Bitter Lakes 1 The  matter is easily to  be 
have on a canal  nearly eighty miles in  length,  with  the  intervention of 

friend t o  amuse himself with it in  his leisure hours.’’ 
settled by calculation; and I leave it  to  my honourable and ingenious 

Mr. Stephenson then commented upon a document issued  by the 
Hydrographic Office of the Admiralty,  under the  authority of 
Captain Spratt, R.N.,  who, in 1857, made ‘ A n  Inquiry  into  the 
soundness of M. de  Lesseps’ reasonings  and  arguments on t,he prac- 
ticability of the Suez Canal :’- 

ments :- 
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“This  eminently scientific officer has arrived  at  the conclusion, after 

late elaborate surveys  and  charts of the  Sdmiralty, showing the wave- 
twenty years’ hydrographic experience of the Mediterranean, and  after  the 

motion  and  the  currents,  that  the  establishment of a Canal, ‘ dependent 
upon, or secondary to,  the practicability of making and maintaining a 
deep entrance  to  it  from  the tideless  Mediterranean,’ is  not feasible. ‘ It is 
necessary and just,’ he concludes, L to  the commercial interest, desiring to 
embark  in  the  project of M. Lesseps, t o  know these  important facts, ere 
they risk their millions in  the undertakin:, instead of discovering them 
only when swamped in  the  smds  they will have to  contend with; and 
then t o  discover also, when too  late  to amend it, that Alexander the 
Great was wiser than M. Lesseps admits, when he listened to  the local 
opinion regarding the influence of the Nile  upon the  harbour, if formed to  
the  eastward of it.’ ” 

He would, finally, direct attention to the fact, that Nr. Stephen- 
son was a warm supporter of the Suez Canal project until it was 
ascertained, beyond B doubt, that  the difference of level of 30 feet 
between the two seas did not exist-that he  had  actually expended 
the  sum of &1,500 out of his own means to have positive informa- 
tion upon which he  might form his opinion as to the practicability 
of the Suez  Canal measure ; and in the  letter from which he had 
quoted he also said :- 

hostility t,o a Maritime Canal throngh  the  Isthmus of Suez. If I could 
r‘ In conclusion, Sir, I will only say that I have-indeed, I can have-no 

regard such a Canal as commercially advantageous, I have already shown that 
I should be  the first to give it  the advanta2e of my time,  my money, and  my 

with  such men  as M. Talabot, I arrived at a clear conclusion that  the  pro- 
experience. I t  was became, after elaborate investigation, and in  conjunction 

ject was not one which deserved seriocls attention,  that I refused to give 
it support. I should be delighted to  see a  channel  like the Dardanelles, or 
the Uosphorns, penetrating  the  Isthrnus  that divides the Red Sea from the 
Mediterranean. But I know that  such a channel is impracticable,-that 
nothing can be effected, even by the  most unlimited  expenditure of time, 
and life, and money, beyond the formation of a stagnant  ditch, between 
two almost  tideless seas, unapproachable bylarge  ships under any circum- 

lent winds permit their  exit  and  their entrance. I believe that the project 
stances, and only capable of being used by small vessels when the preva- 

will prove abortive in itself, and  ruinous  to  its  constructors ; and  enter- 
taining  that view, I will no longer permit  it  to be said, that by abstaining 
from  expressing myself fully on the  subject, I am tacitly allowing capi- 
talists to  throw away their money on what my knowledge assures me  to 
be  an unwise and  unremunerative speculation.” 

Mr. J. M. HEPPEL said, with  regard to  the  currents from the 
Mediterranean Sea and  the Red Sea towards the  Bitter Lakes  and 
vice vers2, that  he understood Mr. Hawkshaw’s meaning to be, 
that  the water in  the middle held itself to  about the mean level 
of the tides on either side, and  that as they alternated there would 
be, from or towards either end, reciprocating currents. If there was 
any  great  amount of evaporation from the middle, that would no 
doubt  create a certain difference in  the amount of current  in and out ; 
but  that difference would be small compared with  what caused the 
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main  currents, which were simply due  to the fact that  the water in 
the. middle would stand at  the mean level of the tides on both 
sides of it, and  that  as  they rose and fell alternately corresponding 
currents would take place. 

Mr. MURRAY remarked, that every Engineer must for many 
gears past have paid attent,ion  to the subject of a canal uniting  the 
Red Sea and  the Mediterranean. If it was  possible to carry  out a 
ship-canal between the two sea$, it would be an immense boon to 
the  trade between Europe  and the  East.  But as to the practica- 
bility of executing the scheme as at  present developed, he had many 
doubts, arising from what had  taken place by natural means in  the 
course of time. At  the mouth of the Nile  there existed an immense 
Delta, ext,ending from the old Pelusiac mouth to Alexandria, a dis- 
tance of 160 miles ; and from a point on the Mediterranean, half- 
way  between Damietta and Rosetta, to the fork below  Cairo, it ex- 
tended a distance of over 90 miles. The  great bulk of this area of 
upwards of 7,000 square miles in extent had, no doubt, accumulated 
over a very lengthened period. If one-third of it were taken as  
water, then nearly 5,000 square miles of land  had been formed 
between Pelusium, Alexandria, and Cairo. That large area had 
been produced  from the deposits of the  Nile and  the drift of the 
sea. Further deposits were now taking place along the seaboard, 
between Alexandria and Pelusium, indicative of this action ; and as 
the prevailing winds from the  north and north-west struck the 
shore, the  currents carried the  detritus from the mouths of the 
Nile in an easterly direction. The immense tracts of sandy desert 
at  no great distance from the African shore of the Mediterranean, 
would  seem to indicate a higher level of the sea than  there was 
at  the present day. If that were so, there must have once existed 
a communication by water between the Mediterranean and  the Red 
Sea. That such a communication did exist was corroborated by the 
existence of the waters of Menzaleh, Timsah, and  the  Bitter Lakes ; 
and further, by the remains of the ancient Canal. It was the general 
opinion that  this work  was wholly artificial; but  he conjectured it was 
only the transformation of the ancient  channel between the Mediter- 
ranean and  the Red Sea into a navigable canal. Any communication 
between these seas at; different levels must have produced currents 
and a bar, leaving the  central  part occupied  by the  Bitter Lakes  as 
the lowest portion. The bar, or more than one, having closed the 
communication, the sands of the desert had taken possession of the 
high ground at  El-Gnisr, and other places. 

Now he  thought  the Canal proposed by M. de Lesseps was only 
returning  to  the old state of things. I t  was meant to open an  un- 
interrupted communication between the Mediterranean Sea and the 
Red Sea without locks. If that were  accomplished, a bar would un- 
questionably be formed in  the new Canal, as it had been  formed in  the 

[181iG-ci7. N.s.] 2 H  
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old water-course. He thought  that it was not  correct  engineering 
to allow water  to be admitted  into  this  Canal  with  currents flowing 
towards the  Bitter  Lakes from the sandy  shore of the Red Sea,  and 
from the sand  and  fine mud composing that of the Mediterranean. 
He  had  prepared  a  diagram of the tides, taken  from  the  table given 
at  page 232 of the  Report of the  International Commission, which 
again was  compiled from  levellings made in  1847,  at  the  insti- 
gation of MM. de Negrelli,  Robert  Stephenson,  and  Talabot, by 
M. Bourdaloue. A verification of these levels was again made in 
1853,  and gave  as the difference between the station on the  quay of 
the  hotel  at Suez, and low water  in the Mediterranean, 2 4286 
feet, instead of 2 * 6100 feet, found by the operations of 1847. I t  ap- 
peared from this  diagram  (Plate  14")  that  the mean level of the Rcd 
Sea was 2  feet  6  inches above the mean level of the Mediterranean. 
The water rose and fell a  little  in  the  latter  as  the  north or south 
gales blew on or off the coast, giving  an  extreme  range of about 
3 feet 7 inches. But  in  the Red Sea there was a  greater difference 
of range, viz., at  neap tides, 2 feet 7 inches ; at  spring tides, 
5 feet 3 inches;  and  at equinoctial spring tides, when accom- 
panied  with  violent  southerly  and  northerly winds, of 10 feet 
7 inches. 

Looking at  the situation of the  Bitter Lakes, and their  extent, if 
it was intended  simply  to  dredge  a  channel  through  them,  and em- 
bank  each side of the Canal through  Lake Menzaleh, as  reported 
by Mr. Hawkshaw  in  1863,  then  the whole area of these  Lakes 
must be filled either  from  the  waters of the Mediterranean or from 
the  Red Sea. With  the  transverse section, produced by Mr. 
Abernethy  as the one now adopted  throughout the length of the 
Canal,  he  had considered the question of filling  the  Bitter Lakes, 
which  had an  area of about 157 square miles. The evaporation in 
twenty-four  hours  might be taken at  between 6,750,000 cubic 
yards  and 10,000,000 cubic yards. The  supply of this  large body 
of water could only come from the Red Sea ; as  the  length of the 
channel  from  the  Mediterranean of 53 miles with  the small rise 
of tide was quite  inadequate  to  admit  water from that end, if the 
outward  current were taken  into consideration. 

If the water in  the  Bitter Lakes were assumed to  stand at  the 
level of  low water of an  ordinary  spring  tide  in  the Red Sea, 
then  the  quantity capable of running  through  the  channel of 
13 miles in  length  in  the period from low water to high water, and 
from high  water  again to low water, or in twelve and  a  half  hours, 
could only be 10,300,000 cubic yards,  without  taking  into  account 
the evaporation  from 13 miles of channel. If again  the  water  in 
the  Bitter  Lakes were assumed to  stand  at the level of low water of 
a  neap  tide in  the Red Sea, then  the  quantity capable of running 
through  the  channel for a  similar period could only be 6,500,000 
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cubic yards. It was evident, therefore, that,  during  great evapora- 
tion, the water in these lakes must  settle  to  a level below the low 
water of a spring tide in  the Red Sea, and cause the  current inwards 
to be nearly constant, of course attaining a greater velocity at  the 
periods of high  water; or, as it appeared to him, the sectional 
capacity of the channel was much too small to supply the evaporation 
from the  Bitter Lakes. The evaporation also could not be neglected 
in so warm a climate in a total length of 90 miles of channel, with 
a breadth varying from 267 to 328 feet. The supply, therefore, of 
these Bitter Lakes  with water appeared to him a matter of great 
dficulty, as well as the upholding the channel between them  and 
Suez, which would be liable to be acted on by the force of the 
current during  high water of equinoctial spring tides. 

He  had assumed the evaporation to be from half an inch  to three- 
quarters of an inch in twenty-four hours. The  late Mr. Joseph 
Gibbs (M. Inst. C.E.), told him he  had made experiments at  Suez, 
but  the evaporation was a great deal more than three-quarters of 
an inch per day in hot weather. 

The  next point to which he would direct attention was as 
to the probability of a bar being formed at  Port Said. Mr. 
Abernethy had stated that  the pier was  now run  out  to a 
length of' 1,500 metres from the shore. The drift being al- 
most constant towards the Levant, there could not be a doubt 
that  this mole, or breakwater, must intercept the current, and 
arrest  the  detritus  in its course. I t  might  take some years to cause 
a large deposit, but the material being sand and fine mud, would 
readily be acted on by on-shore winds, and  the sweep of the 
sea  would carry it at  such times round the head of the pier, and 
form a bar between it and the head of the eastern jetty.  That 
bar could, of course, be kept low  by continual dredging, at  
considerable expense. The direction given to the eastern jetty 
m s  an improvement upon the original design of a parallel pier; 
but he  thought  it would have been better if it had been more 
splayed and isolated, so that  the deposit, if it did occur,  would  be 
kept from accumulating by being swept onwards with the current. 
Then  he  thought, looking at  the  large extent of Lake Menzaleh, 
consisting of nearly 600 square miles, it was a great  pity so Jttrge a 
basin was not made use of, for scouring purposes, on the principles 
so successfully adopted by some  of the  French Engineers. By ad- 
mitting  the  high waters of the Mediterranean, by means of tumbling 
bays placed in proper positions in Ihe barrier between Port Said and 
Damietta on the one hand, and Port Said and  the Pelusiac mouth 
on the other, the impounded waters of Lake Menzaleh might then 
have been  led by culverts  with sluices at  their mouths, placed iI; the 
western jetty, and at  the entrance of the new basin, and  thereby 
have bwn t,he means of sending  out at  low water into  the Mediter- 
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ranean an ample current with good  effect upon the deposits formed 
within the headq  of the jetties. 

The conclusions at  which he  had arrived were these :-if the 
Bitter Lakes were  allowed to exist and be  fed with water, it en- 
forced t.he necessity of locks at each end of the Canal, to prevent 
the constant indraught  and consequent deposit within  it. By means 
of these locks the  height of the water might be regulated in  any 
manner  thought best. He considered further,  the syst'em, for 
supplying  the maritime Canal,  proposed by  the  late Mr. Rendel, 
who formed one of the members of the original International Com- 
mission, should have been adopted ; viz., by maintaining the waters 
of the Canal  about 23 feet higher tha.n was nom proposed, by fresh 
tvat'er of the Nile derived from above  Cairo. The fresh water canal 
would, in  that case, have been made some miles longer, and pro- 
bably larger  in section. Other advantages would have resulted from 
this plan, the chief of which would have consisted in reducing the 
excavations nearly one-half, a most important point in  the cost of 
the works, and  in reducing the period of their execution. 

The ASTRONOMER ROYAL said his connection with these matters 
was rather of a literary and philosophic than of an engineering 
character. It was a question which in all points he looked upon 
with  great interest. He would ask in  the first place, as a point 
which he did not  think affected the engineering question materially, 
but which was one of considerable interest in  matters of tidal phe- 
nomena, and  in regard to  the supply of water  to large marine gulfs 
generally-What was the evidence of the alleged difference of levels 
in  the two seas ? He might  state  that  he asked this question be- 
cause he was at one time tolerably familiar with the work in 
French which was drawn up by the joint commission of Engineers, 
of whom the  late Mr. Stephenson was one ; and  the impression he 
derived from that was, that  after correcting the enormous errors in 
the surveys which were made during  the  French invasion in 
the beginning of the present  century,  after  going through  the 
whole line, they found no perceptible difference in  the mean levels of 
the two seas. He  would be glad to be certified whether there was 
in fact a difference of 2 feet 6 inches between the mean levels. It 
was conceivable as a physical fact. 

Sir W. DENISON said he was assured by the  French  Engineers on 
the works that  the mean level of the two seas was the same. 

The ASTRONOMER ROYAL : In  the next place, with  regard  to the 
evaporation of the water from the  Bitter Lakes, there was a point 
of history  about which there was no doubt; namely, that for a long 
time the  Bitter Lakes were filled with sweet water. Whatever the 
supply was then,  he  thought  there  might be as good now; so that on 
the question of evaporation he had  no fear. In  the third place there 
was a point as to the intention of the ancient Canal. There was 
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abundant evidence on the spot that  there had been canal com- 
munication from the Nile leading into  the sea at Suez by the way 
of the  Bitter Lakes ; but it had been the opinion of  some persons 
that  this canal wts made for navigation by vessels, while others 
were of opinion that it was made for a totally different purpose. 
Those who had studied the circumstancesof Egypt under the floods 
of the Nile would  be acquainted with the fact, that  the  great floods 
of the Nile were far more destructive than  the small floods. The 
thing most dreaded in  Egypt was the excessive  flooding of the 
Nile;  and it was supposed that  that canal had been made to 
assist in  the discharge of the excess of water into  the  Bitter 
Lakes. Those who had been on $he spot mould be able to judge 
better on that point. The circumstances attending  the formation 
of a canal at  the south-east end and  the north-west end must be 
different. He  gathered from the  French account he had spoken of, 
that  though  there W&R some sand at  the south-east end, it was  of 
no great importance. The traces of the original  canal were perfect, 
and  they were found to be not through sand but  through rock, 
and  there  the canal was in place with its original sides and bottom, 
and Dhe rubbish  thrown out at  the sides ; so that  in all respects 
that  part would appear more easy to make, and would  be more 
durable when made, than  the  part at the  other end. So far as the 
rush of water was concerned, arising from the  great tide at Suez, 
in consequence of the hardness of the ground  he should think 
there was less to fear than if there  had been such a tide at  the 
other end. Finally, on the engineering question, 31. Cialdi's name 
had been mentioned ; he  had seen the report which had been 
made by him, and would ask whether the plan  he suggested had 
been executed or was contemplated. The plan was, that when the 
long western pier was carried out, it should have a considerable 
return  to  the west, somewhat like the Folkestone harbour pier ; and 
that being constructed, a space should then be left vacant, and 
another detached pier should be built, in the continuation of the 
line of the long western pier. That was the plan which accompanied 
M. Cialdi's report. 

Mr. J. B. !LEDMAN said he  had  not been on the  site of this work, 
but  the interest  attached to it was universal. Sixteen years  ago 
a Paper was read before the  Institution by Mr. Glynn,' upon the 
schemes which had up  to  that time been brought forward for- 
canal communication between the Nile and  the Red Sea. At  that 
period there was an assumed difference of level between the Red Sea 
and  the Mediterranean exceeding 30 feet at  high  water;  but  in  the 
discussion which followed, Mr. Robed Stephenson shomred the 
error in the levels, and by reference to a series of levels carried 

Vide Minutes of Proceedings Inst. C.E., vol. X., p. 369. 
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out  under his direction, he assumed that  the mean low-water level 
of the two seas was identical. The  Author of the  Paper, now 
under discussion, assumed that  the levels were the same, supposing 
the levels of the  French  Engineers  to be correct. Without referring 
to levelling operations one would have imagined that  the two levels 
were mean levels of the sea, and identical ; but  he  thought reference 
should be  made, in respect of tidal observations, to  the mode by 
which that fact had been determined. With regard to  the work 
itself, it  occurred to him that  there mrere several points of interest 
which had not been much touched upon. There was the question of 
keeping open the channel between the two seas ; that of the 
slopes of the canal ; the embankment through  the  Bitter Lakes ; 
the slopes external  as well as internal ; the cost of dredging opera- 
tions compared with  manual  labour ; and  the pier at  the Mediter- 
ranean entrance. The  Author of the  Paper assumed that  the slopes 
of the Canal would have to be increased from 2 to 1 to 6 to 1. 
That was a gigantic work, and would involve a very considerable 
addition to  the estimates, because it amounted to  setting back the 
banks to a great extent. It was argued by the Author, that  that 
slope was essential, to prevent injury  to  the banks, from the wash 
occasioned by  the passage of vessels; but  it occurred to him 
that it was hardly necessary to increase the slope to so great  an 
extent,  although protection should be given to that portion of 
the slope, which was  affected by the wave from the vessel, by 
some artificial means. But he understood from gentlemen who 
had been over the route, that a more serious question was  involved 
in  the embankment through  the Bitter Lakes ; that was, assum- 
ing  the Canal to be embanked through  the Lakes, the question of 
protecting  the lake slopes. 

Mr. HEMANS observed that  there would  be no embankment 
through  the  Bitter Lakes. Lake Menzaleh would  be embanked. 

Mr. REDMAN said that disposed of the question at  once. With 
regard  to  the pier at  the Mediterranean entrance, the cost given 
for that work showed it was a very expensive one. It was 
thought  that, as there was an existing drift towards the east, 
the material would  be arrested by the pier, and subsequently 
be carried to  the leeward. Undoubtedly the effect  of that pier 
would be to  arrest  the drift within the  length of its projection. 
There would be a deposit to windward, but  there could no longer be 
a drift  to  the leeward of the pier within its projection wit8hin 
certain  limits ; consequently a certain  amount of deposit in  the 
dead water  must be anticipated. With reference to  the compa- 
rative cost of dredging  and manual labour, the results  stated by 
the  Author showed, that  the excavation could be more economically 
performed by  hand labour. I n  this country it was found that 
dredging,  under  the most adverse circumstances, was the more econo- 
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mica1 operation, being  something like one-third of the cost of hand 
labour. But  in  this case the application of machinery occurred 
under disadvantageous circumstances, where repairs from accidents 
were costly, while manual labour in many respects approached 
the lowest order of coloured labour. The whole subject was 
replete  with interest;  but he confessed, as far as the  Paper  and 
the discussion it had elicited went, it appeared to him a very 
speculative matter. 

Mr. HAWESLEY, V.P., said he should like to correct, what he 
conceived to be a material  error,  with  regard to  the amount 
of evaporation, and consequently with  regard to what had been 
alleged as to the impossibility of filling these lakes. It was 
known that,  in  India and other tropical countries, the actual 
amount of evaporation did not exceed from 6 feet to 8 feet per 
annum, instead of being, as was  supposed, an inch  per day, and 
therefore amounting to 30 feet per  annum. That was during  the 
dry season, for during  the monsoons the evaporation was not felt to 
the same extent. It was quite plain, if he was right  in what  he 
ventured  to state was about the fact, that  the evaporation did 
not  amount  to one-third of an inch per day. The probability 
therefore was, that  the  indraught of the  Bitter Lakes would not 
give an average velocity of more than 14 foot per second during 
the time the tide was  above its mean level, and of course the  out- 
draught would not be so considerable; consequently on the whole 
it might be fairly assumed, that  the level of the  Bitter Lakes 
would  be maintained by an inclraught having a velocity of 2 feet 
per second, which would not be a serious obstacle to navigation. 

The  outdraught into the Red Sea would not be so con- 
siderable, because it would cause a declivity in  the channel of 
the  nature of a ‘round back,’ and prevent the water coming 
out of the  Lake with great velocity. That it would draw some 
water from the  Lake  there could be no doubt;  but  that  any 
considerable amount would  be drawn out  he did not believe. The 
Lake would stand permanently, no doubt, at  a higher level than 
was shown in  the drawing, and at  a mean level lower than  the Red 
Sea and  higher than  the Mediterranean. With regard to  the level 
of the Mediterranean he would make this observation : he believed 
it was perfectly true  that  the level of the Mediterranean was  lower, 
and must necessarily be so, though not to a great amount, than 
that of the Red Sea ; because the evaporation from the immense 
surface of the Mediterranean and the Black Sea-the area of which 
mas eight  or  ten times as great as the area of the Red Sea, whilst 
the sections of the mouths were not nearly so dissimilar-was 
greater  than  the discharge from the rivers which came in  to supply 
those seas. Consequently, except when there was a disturbance from 
gales, there was always a strong  indraught from the Atlantic into 
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the Mediterranean, which there would not be unless there was a 
fall from the Atlantic into  the  Mediterranean;  and it therefore 
followed that  the level of the Mediterranean must be lower than 
the level of the  Atlantic and Indian Oceans, with which the Red Sea 
communicated. The amount was probably less than  the 2 feet 
6 inches which had been determined by recent levellings as the 
difference of level between the two seas. 

Mr. BROOKS remarked that  the difference of rainfall in  India  and 
Egypt should be considered. 

Mr. HAWKSLEY did not  think  that had much  to do with the 
question. If  there was an evaporation of 30 feet per annum 
fiom the ocean, there must be a rainfall of an equivalent  amount 
somewhere, and  in tropical regions a rainfall of 30 feet over 
an area equal to  that of the tropical seas was improbable, and, in 
fact, no such rainfall occurred ; but  there were rainfalls which 
were quite as great as the amount of the evaporation which took 
place from the deep lakes, and even the deep tanks  in  India.  The 
experimental evaporation from a shallow vessel  would  be more rapid 
than from the surface of a large extent of deep water, because the 
rays of the sun penetrated immediately to  the sides and bottom of 
the vessel and increased the evaporation. That was the case in  all 
experiments made in England,  as well as in those which were 
reported to have been made in tropical climates. 

Mr. COCKBURN CURTIS stated, that  during  the period he was em- 
ployed in  the  Public Works Department of the Madras Presidency, 
it was customary to assume a quarter of an inch per diem as the 
average evaporation throughout the year from large  areas of water 
varying from 3 feet to 6 feet in depth. The observations of Lieut. 
Ludlow, M.E., at  the Red Hills, in 1844; which extended from 
April  to August in a comparatively dry district, and  during  the 
hottest  and driest  months of the year, gave a maximum on one occa- 
sion of * 6011 of an  inch per diem, and  an average of * 3745 of an 
inch per diem. The amount of evaporation would in all cases be 
found to be in inverse ratio  to the  depth  and volume of the water 
experimented upon. 

Sir WILLIAM DENISON said he congratulated himself upon having 
been the cause of such a discussion as  had  taken place. It had 
brought before the  Engineers of England a state of things  in  Egypt 
of which not very much was known, but which had at  various times 
excited a great deal of discussion and much difference of opinion. 
Some of these opinions were of a purely  hypothetical character, and 
had no reference to the works which were now under consideration ; 
as, for instance, that a fresh-water canal at a high level, 21 feet above 

Subjects connected with the Duties of the Corps of Engineers,  Madras Presitlency,” 
Vide “ Reports, Correspondence, and Original Papers, on various Professional 

vol. iv., page 131. Madras, 1856. 
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the sea, supplied from the Nile, and  dropping by locks into  the sea 
at both ends, would  be more easily made and maintained than  the 
proposed salt-water cut between the two seas. He did not think 
that it would  be possible to make, out of the soft mud of the Delta, 
embankments capable of resisting the  thrust of a head of water of 
21  feet;  but it was  useless to discuss such a matter of opinion. 
He had brought the subject forward in order to draw attention to 
certain  facts  with which he  had become acquainted in passing 
through  the country, and to elicit an opinion upon them. 

One of the questions was with reference to  the sectional area of 
the Canal. It struck him that it was too narrow, that  the banks were 
too steep, that  they would not stand at  the slope given;  and it 
appeared that since he left the country, a nlodification had  already 
taken place. The  French Engineers  had diminished the bottom width, 
which was 83 feet, and  had made it 72 feet. They had increased 
the slope of the banks from 2 to l to 3 t.0 1. They had widened 
the foreshore, and  had increased the width at  the top from 250 feet 
to 328 feet. idTherefore, to a certain  extent,  his own opinion had been 
corroborated. He  fully admitted the correctness of  some  of the ob- 
servationa that had been made. He  did not, of course, imagine 
that  the slope of 6 to 1 would extend uniformly from top  to bottom. 
The slope  would assume a curved form, there would  be 14 foot or 
2 feet of bank above the water line, and upon that  the wash of 
passing steamers would act. It would bring down silt, and the 
angles of the foreshore would  be  filled up. Portions of the upper 
part of the slope  would  be cut off. There would gradually be a 
deposit at  the bottom, and  the surface of the  cutting would be 
rounded off by  the action of the water put  in motion by the  large 
bodies which would  pass through it. He had supposed the average 
of the vessels to be 2,000 tons, with 40 feet beam, and 20 feet 
draught of water;  and he thought it would  be found desirable, 
indeed, absolutely necessary, to widen the bottom of the canal. If 
two vessels met, unless they were in actual contact, the keel of one 
or the  other would take  the ground upon the bank ; more particu- 
larly would this be the case if the now proposed width of only 
72 feet should be carried out. He  believed that, eventually, 
it would  come pretty nearly to what  he said, that  the Canal 
would be much wider at  the top than was  now shown, and that 
the banks would  be  more sloped. It must be recollected that  this 
work was done with dredging machines, and the slopes would  be very 
roughly  cut,  and in steps ; that  the edges of these would  be softened 
and worn away, and would gradually go to  the bottom ; so that 
bit by bit would  be dredged out till the slopes assumed a curved 
form. The expense of this would  be spread over a number of years, 
and would  come under the head of what the  French had estimated 
for maintenance, and keeping the channel clear of the silt. He had 
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said there must be sand or dust from the desert. He happened to 
be there when the Kamsin, or hot wind, vas blowing, and he could 
not see 20 yards before him. There was a great  quantity of dust 
from the  dry soil,  because, though  Lake Mensaleh looked, upon the 
plan, a very fine piece of water  many miles long, yet it was only at  
best a few inches deep, and it never  had any water in it except 
when the wind blew from the north-west. A t  other times it was 
positively dry mud, and  the  dust was raised from the dry surface 
of that mud ; but as he  had said, he believed that would be a tem- 
porary evil only. They were lessening it now by planting on the 
bank,  and putting  up fences, and he did not see that  there was any- 
thing to  prevent the  Engineers fixing the sand gradually, by appli- 
ances which would in time be devised; at  all events the evil would 
be much lessened, although  the maintenance for the first ten years 
might be heavy, but  in  the end the  Engineers mould reduce it to a 
fair average amount. He agreed with Mr. Hawkshaw that  the 
Canal was but a large ditch ; and  that it only required money 
and a moderate amount of engineering and mechanical skill 
to perfect it. Allusion had been made to  the money part of 
the question. In the first place, it must be recollected that  the 
Company was formed under the idea, that  they would have a claim 
on  the  Egyptian government for the supply of an amount of forced 
labour to  the  extent of twenty thousand men, with the  grant of a 
large  quantity of land  along the banks of the Canal,  Political ob- 
jections were made to that,  and  the  Pacha was prohibited both from 
supplying the forced labour and from granting  the land. Then  the 
Company, of course, went  to the  Egyptian government for compen- 
sation ; and he  had heard, and he believed it to be correct, that  the 
Emperor of the  French, who acted as umpire, gave an award of 
$3,500,000 as compensation; so that, if that sum were added to  the 
capital of B , O O O , O O O ,  it would amount to nearly 50 per  cent. of the 
whole capital, and  he did not suppose the  Pacha would be  entitled 
to interest upon that 23,500,OUU. He was told that  they were 
working upon that,  and it was a handy sum to work upon. Roughly 
speaking, he  estimated that  there would be nearly double the 
amount of excavation that was calculated, and, at  the  rate  they were 
proposing to dredge, it would take  much more time than what  had 
been stated : he believed it would take four or five years instead of 
three. With regard to  the economy of dredging,  on one occasion he 
watched the dredging machines at work, cutting  the soil, and  bringing 
it to the bank as had been described. As long as the scoops brought 
up half water and half mud, the operation went on very well. 
There was then sufficient water to  carry  the mud down the metal 
spout;  but when the machine brought  up soil only, it stuck  in  the 
spout, and  the actsion of the dredge was checked, and it had  to  bring 
up water  only, while four men were employed to make the stuff 
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move in  the spout. At the time  he was there  they were dredging 
only to  the depth of 7 feet or 8 feet;  but when they got to a depth 
of 20 feet or 25 feet, there would be a great difference in  the lict  of 
the stuff, and  the distance it had  to be carried away. He, how- 
ever,  was not in a position to deal with the question of absolute 
expense, nor did he pretend to do so. There was one more point 
of importance, that was, the question of the harbour at  the  Port 
Saki end. He was glad  to  hear it had been carried out  to so 
great  an  extent  during  the last twelve months, since he was there ; 
at  that time the work only projected some  few hundred  yards into 
the sea, a portion of which only was silted up ; but now it ap- 
peared there was a length of 1,500 metres above water. It was 
evident they were working very hard at it, and  he Baw no reagon 
to question the possibility of completing the work to  the full 
extent of 3,000 mbtres, which would bring it out  to  the depth of 
44 fathoms. 

Then came the question of the drift  along the shore. It was 
well known that  there was a steady driit along the south coast 
of England.  That was not caused by a littoral  current. There 
Kas no current along the shore sufficiently powerful to move the 
shingle, but  the motion was  occasioned  by the oblique action of the 
waves ; by t'his the  shingle was drifted along the coast eastwards. 
It was not the effect of the current, but of the waves on the beach, 
and  at a very moderate depth  there was no movement of the  shingle 
at  the bottom at all. The same cause  was operating, in exactly the 
same manner, on the coast of the Delta. 

With regard  to  what the Astronomer Royal said about the 
remains of the ancient Canal, he could only say that a muddy 
hollow  was pointed out  to him as a portion of it ; into  this  the 
water from the excavation at Chalouf was being 
there were rushes and weeds growing there, whic gumpea, would and not 
have been the case if it had been a salt-water channel. As 
to  the geology of the locality, there was a rise of 12 feet or 
14 feet at  Chalouf  above the Red Sea,  composed of alternate 
strata of rock and sand, and  this was evidently a spur from the 
range to the west of the Canal ; the date of the elevation of this, 
however, he would not attempt  to decide. He had no doubt the 
Astronomer Royal was right  in  stating  that it was originally a fresh- 
water canal : how the  Bitter Lakes became salt was more ditficult to 
say. He  did not see  how the Canal could  become a stagnant 
ditch, since it was open to  the sea at  both ends, with, in one 
case, a difference of level of 8 feet between high water and low 
water. There must of necessity be a strong  current as far as the 
Bitter Lakes  on that side, while the amount of evaporation, 
which he took to be at  least 9 feet per  annum, or from + to  5 
of an inch per day, together  with the  slight tide of the Medlter- 
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ranean, would maintain a sufficient current to  prevent anything  in 
the  shape of stagnation. 

He  had  not visited t’he Bitter Lakes, but he was told they were 
dry,  with  the exception of the water which was brought  in 
for the purposes of the work. With regard to  the  tide  in  the 
Mehterranean,  he imagined the rise and fall of 8 inches or 
9 inches must  result from a tidal influence of some description, as it 
was of daily  occurrence; but he could not say that it took  place at  
the same hour of each day. The  Engineers  there told him there 
was something analogous to a tide of about 9 inches. 

Mr. HAWRSHAW wished to explain, in reference to  the  currents 
which he calculated would obtain in  the Suez Canal, that  he considered 
they would be caused mainly by  the rise and fall of the tides. 
There was a rise of tide of 3 feet 6 inches in  the Red Sea, which 
must necessarily produce a current  into  and  out of the Canal. The 
evaporation of the  Bitter Lakes would increase the inward current 
to some extent,  and cause it to exceed the outward current.  But 
the main cause of the  current would  be the rise and fall of the 
tide. 

I n  pursuance of the notice on the card of the Meetings, it was 
proposed, and resolved unanimously :- 

“ That  in order to insure a fuller  attendance of Members than 
could be obtained on Easter Tuesday, the Meeting be adjourned 
until Tuesday evening, the  30th of April.” 

April  30,  1867. 
JOSEPH CUBITT, Vice-President, 

in  the Chair. 

The discussion upon the Paper, No. 1,172, on “The Suez Canal,” 
was  continued throughout  the evening, to the exclusion of any 
other subject. 
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